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A Battery Protection Circuit 



Technical Field of the Invention 
5 The invention relates to a power supply arrangement for supplying power 
from a battery to an electric load, said arrangement comprising a controlled 
switch having a first state in which a connection is provided from the battery 
to the load, and a second state in which the load is disconnected from the 
battery; and control circuitry for controlling the state of the controlled switch, 
10 The invention further relates to a method of protecting a battery from over 
discharge. 

Description of Related Art 

Many portable electronic devices, such as laptop computers, mobile tele- 
15 phones or camcorders, are powered by rechargeable batteries, either as the 
only power source or as a back-up for power supplies connected to main 
power lines. 1 

Such batteries or battery packs are to an increasing degree based on lith- 
20 ium-ion (Li-ion) or lithium-polymer (Li-polymer) cells due to their overall su- 
perior performance characteristics, such as a higher energy density with an 
ensuing lower weight of a given battery capacity. However, these batteries 
need safety electronics to protect them from being overcharged and over- 
discharged. The overcharge protection is needed for safety reasons (explo- 
25 $ion danger), while the over-discharge protection is needed for preventing a 
cell from being discharged below a certain voltage level causing an irre- 
versible loss of capacity so that the battery can no longer be charged to its 
original capacity. 

30 Recent developments in Li-battery solutions seem to make the overcharge 
protection less important, while the over-discharge protection is still needed. 
Further, it should be noted that also battery types other than Li-batteries 
need to be protected from over-discharge. 
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Several circuits protecting batteries from being over-discharged are known in 
the art. 

5 US 5 790 961 shows a power control circuit allowing powering down a bat- 
tery operated device, such as a portable radio transceiver, to prevent deep 
discharging of a battery even though an on/off switch is in the "on" position. 
The power control circuit includes power level monitoring circuit elements for 
monitoring a level of voltage output from a battery connected to a load, i.e. 

10 the radio transceiver, and an electronic switch such as a latch for controlling 
the disable function of the power supply when the voltage level of the battery 
is below a threshold voltage. Thus the electrical load and the current drain 
corresponding thereto is disconnected from the battery when the battery 
voltage falls below the threshold voltage. However, the power control circuit 

15 itself, which is still connected to the battery, has a certain leakage current, 
and therefore the battery will continue to be discharged by this leakage cur- 
rent even after the load has been disconnected. Sooner or later this will lead 
to over-discharge of the battery. Although the leakage current is character- 
ized as negligible in the document, this is not the case for Li-batteries. Due 

20 to its own leakage current this power control circuit is not sufficient to pre- 
vent the battery from being over-discharged. 

Similar circuits are known from US 5 729 061 and £P 458 716, and these 
circuits suffer from the same disadvantage, i.e. the leakage current of the 
25 control circuits continues to discharge the battery even after the load has 
been disconnected, and thus the circuits are not sufficient to prevent the bat- 
tery from being over-discharged. 

One solution to this problem is suggested in EP 843 396, in which the dis- 
30 charge of a Li-ion battery caused by the leakage current of the control circuit 
is compensated by a primary battery, which is connected through one or 
more diodes in parallel to the Li-ion battery as a buffer. The diodes and the 
voltage of the primary battery are selected so that the voltage of the Li-ion 
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battery is kept above the voltage level causing an irreversible loss of capac- 
ity, until also the primary battery is discharged. However, this solution does 
not eliminate the leakage current of the control circuit, it just compensates by 
delivering this current from the buffer instead of the Li-ion battery. Further an 
5 extra battery, i.e. the primary cell, is needed for this sole purpose, and since 
it is a primary battery it is difficult to know whether any charge is actually left 
in the battery when it is needed. The battery may have been discharged at 
an earlier occasion in which case the Li-ion battery is not protected from 
over-discharge. 

10 

Therefore, it is an object of the invention to provide a solution in which a bat- 
tery is prevented from being discharged by the leakage current of the control 
circuit while the electric load is disconnected from the battery. 

15 Summary 

According to the invention the object is achieved in that the control circuitry 
is arranged to be disconnected from the battery when the controlled switch is 
in its second state. 

20 By disconnecting not only the electrical load, but also the control circuitry 
from the battery, it is ensured that this circuitry cannot draw any leakage cur- 
rent from the battery, when the load is switched off. This means that no over- 
discharge protection is needed in the battery itself, which saves costs and 
also leads to a greater flexibility in the system design phase since the bat- 

25 tery can be treated as an independent unit. 

In one embodiment a switch arranged to be operated manually is provided in 
parallel to the controlled switch. This parallel-coupled switch enables the 
control circuit to be powered up and bring the controlled switch to its first 
30 state in which the load and the control circuit are connected to the battery 
through that switch. Thus the parallel-coupled switch functions as an "on" 
switch. 
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Alternatively, a back-up power storage for supplying power to the control 
circuitry, when the controlled switch is in its second state, is provided. This 
power storage could be e.g. a capacitor or a small battery. This power stor- 
age enables the control circuit to be powered up and bring the controlled 
5 switch to its first state in which the load and the control circuit are connected 
to the battery through that switch, when the load is intended to be switched 
on. 

In one embodiment the controlled $witch comprises a Field Effect Transistor, 
10 in which case a simple control circuit can be used. The controlled switch may 
also be implemented as a disable switch of a voltage regulator. Another pos- 
sibility could be a semiconductor relay. 

When the control circuitry comprises means for monitoring the battery volt- 
15 age and switching said controlled switch to its second state when a voltage 
below a predefined reference value is detected, the control circuitry can 
automatically disconnect the load and the control circuitry itself from the bat- 
tery when the battery voltage approaches the voltage level causing an irre- 
versible loss of capacity. 

20 

In an expedient embodiment the power supply arrangement is arranged to 
supply power to a mobile telephone. 

As mentioned, the invention further relates to a method of protecting a bat- 
25 tery from over discharge, said battery being connected through a controlled 
switch to an electric load under control of control circuitry, said controlled 
switch having a first state in which a connection is provided from the battery 
to the load, and wherein the load is disconnected from the battery by bring- 
ing the controlled switch to a second state. When the method comprises the 
30 step of disconnecting the control circuitry from the battery when the con- 
trolled switch is in its second state, it is ensured that the control circuitry 
cannot draw any leakage current from the battery, when the load is switched 
off. This means that no over-discharge protection is needed in the battery 
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itself, which saves costs and also leads to a greater flexibility in the system 
design phase since the battery can be treated as an independent unit. 

In one embodiment the method comprises the step of providing a switch ar- 
5 ranged to be operated manually in parallel to the controlled switch. This par- 
allel-coupled switch enables the control circuit to be powered up and bring 
the controlled switch to its first state in which the load and the control circuit 
are connected to the battery through that switch. Thus the parallel-coupled 
switch functions as an "on" switch. 

10 

Alternatively, the method comprises the step of supplying power from a 
back-up power storage to the control circuitry, when the controlled switch is 
in its second state. This power storage could be e.g. a capacitor or a small 
battery. This power storage enables the control circuitry to be powered up 
15 and bring the controlled switch to its first state in which the load and the con- 
trol circuitry are connected to the battery through that switch, when the load 
is intended to be switched on. 

When the method comprises the steps of monitoring the battery voltage, and 
20 switching said controlled switch to jt$ second state when a voltage below a 
predefined reference value is detected, the load and the control circuitry can 
automatically be disconnected from the battery when the battery voltage ap- 
proaches the voltage level causing an irreversible loss of capacity. 

25 Brief Description of the Drawings 

The invention will now be described more fully below with reference to the 
drawings, in which 

figure 1 shows a known control circuit for a battery, 

30 

figure 2 shows an improved circuit in which the circuitry can be fully discon- 
nected from the battery, 
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figure 3 shows a control circuit having a back-up battery, 

figure 4 shows a control circuit in which a controlled switch is implemented 
as a Field Effect Transistor, and 

5 

figure 5 shows a control circuit in which a controlled switch is implemented 
as a voltage regulator with a disable input terminal. 

Detailed Description of Embodiments 

10 Figure 1 shows an example of a known control system 1 for a battery 2. The 
battery 2 could, as an example, be a Li-ion or Li-polymer battery, and it is 
arranged for supplying power to a load 3, which represents an electronic 
device, such as a computer, a mobile telephone, or a camcorder. A con- 
trolled switch 4 connects and disconnects the battery 2 to and from the load 

is 3, and it is controlled by the control circuit 5. Two manually operated 
switches 6 and 7 are used for switching the controlled switch 4 on and off. 
An activation of the "on" switch 6 causes the control circuit 5 to close the 
controlled switch 4 so that power is supplied from the battery 2 to the load 3. 
Correspondingly, an activation of the ''off switch 7 causes the control circuit 

20 5 to open the controlled switch 4 so that the battery 2 is disconnected from 
the load 3. The switches 6 and 7 may also be combined to one "on/ofT 
switch. 

Resistors 8 and 9 form a voltage divider providing an input voltage to the 
25 control circuit 5 which is proportional to the output voltage of the battery 2. 
When the input voltage, and thus the output voltage of the battery 2, falls to 
a value below a preset reference value the control circuit 5 opens the con- 
trolled switch, even if the use of the switch 6 has instructed the control circuit 
5 to close the controlled switch 4. The intention with this is to prevent the 
30 battery 2 from being over-discharged, and therefore the reference value is 
selected so that the controlled switch is opened before the battery voltage 
reaches the voltage level where over-discharge occurs. It is noted that the 
voltage divider formed by the resistors 8 and 9 is only an example of how a 
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voltage indicating the battery voltage can be provided to the control circuit 5. 
The battery voltage may also be connected directly or through other types of 
circuitry to the control circuit 5. 

5 The controlled switch 4 can be implemented in different ways. Examples of 
such implementations include a Field Effect Transistor, a disable switch of a 
voltage regulator, or a semiconductor relay. Some of these implementations 
will be described in more detail later. Also the control circuit 5 may be im- 
plemented in different ways. One implementation is a micro-controller or a 

10 microprocessor programmed to c^rry out these functions, but it may also be 
implemented by means of discrete electronic components. Physically the 
control circuit can be a separate unit, or it may be integrated together with 
either the battery 2 or the electronic device 3. It may also be divided so that 
the parts controlling the on/off function are integrated with the device 3, 

15 while the parts disconnecting the battery from the load when the battery volt- 
age is too low are integrated in the battery 2. 

1 

As mentioned, the intention of the above protection circuit is to prevent the 
battery 2 from being over-discharged. However, the resistors 8 and 9 and 
20 the control circuit itself will still draw a certain leakage current from the bat- 
tery 2, and this causes the battery voltage to continue to decrease. Although 
the leakage current is normally a very small current, and the battery voltage 
thus decreases only slowly, it is just a question of time before the battery 
voltage reaches the critical level for over-discharge. 

25 

A circuit 1 1 according to the invention is illustrated in figure 2. As can be 
seen, most components are similar to those of figure 1. However, the control 
circuit 5 and the voltage divider provided by the resistors 8 and 9 are no 
longer connected directly to the battery 2, They are now connected to the 
30 secondary side of the controlled switch 4 % so that when this switch is open, 
the control circuit and the voltage divider are completely disconnected from 
the battery. In this way the leakage current drawn by these components from 
the batter/ during the off state of the device 3 is avoided. In order to be able 
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to switch on the device after a switched-off period a manually operated "on" 
switch 16 is provided in parallel to the controlled switch 4 instead of the "on" 
switch 6 in figure 1. From the "off 1 state a user wishing to switch on the de- 
vice presses switch 16 which, as long as it is pressed, connects power from 
5 the battery 2 to the control circuit 5 and the load 3. The control circuit 5 then 
closes the controlled switch 4, and the switch 16 can be released again. The 
device 3 is now in its "on" state. 

When the user wishes to shut down the device again, he activates the "off" 
10 switch 7 as in figure 1, and the control circuit 5 disconnects the load 3 and 
the control circuit 5 from the battery 2 by opening the controlled switch 4. 
The same happens if the voltage of the battery 2 and thus the output voltage 
of the voltage divider decrease due to the discharge of the battery 2 to a 
value below the preset reference value. In both cases the controlled switch 4 
15 disconnects not only the load 3 but also the control circuit 5 and the voltage 
divider from the battery 2, thus ensuring that a leakage current to these 
components will not continue to discharge the battery 2 with the effect of the 
battery being eventually over-discharged. 

20 An alternative implementation is shown as the circuit 21 in figure 3. Here a 
back-up battery 22 is provided for supplying power to the control circuit 5 
during the off state of the load. In this way the "on" switch 16 in parallel to 
the controlled switch can be avoided and a normal "on H switch 6 can be used 
similar to figure 1 , because the control circuit is ready to detect the operation 

25 of the "on" switch 6 even during the off periods of the load. The current 
drawn by the control circuit 5 in the off state is very small, and thus the back- 
up battery 22 can be a very small battery, i.e. a battery having a small ca- 
pacity. It can even be a capacitor which is charged during the on periods. 
Figure 3 also shows that an example of the load can be a mobile telephone 

30 23. As mentioned above, the load can also represent other types of elec- 
tronic devices, such as computers or camcorders. 



-04; i:07 ;Zacco Denmark A/S 



;+45394e60o0 



WO 03/075420 PCT/EP03/01S4S 



9 



Figure 4 shows that the controlled switch 4 of figure 2 may be implemented 
in the form of a Field Effect Transistor 34, as is the case in the circuit 31. 
The source terminal of the FET 34 is connected to the battery 2 while the 
drain terminal is connected to the load. The gate terminal of the FET 34 is 
5 controlled by the control circuit 5. A low voltage to the gate terminal keeps 
the FET on while a high voltage turns the FET off. 

An alternative implementation of the controlled switch 4 is shown in figure 5. 
Here the switch is represented by a voltage regulator 44 having a disable 

10 input terminal. The voltage regulator is turned off by a high voltage on the 
disable input terminal, while a low voltage turns the regulator on. The regula- 
tor 44 is arranged to provide a regulated voltage (e.g. 5 Volts) corresponding 
to the supply voltage needed by the load 3. Such regulators are well known 
and will not be described in further detail here. In all other respects the cir- 

1 5 cuit 41 is similar to the circuits described above.. 

Although a preferred embodiment of the present invention has been de- 
scribed and shown, the invention is not restricted to it, but may also be em- 
bodied in other ways within the scope of the subject-matter defined in the 
20 following claims. 



